Non-point source (NPS) pollution has become the major reason for water quality deterioration. Due to the differences in the generation and transportation mechanisms between urban areas and rural areas, different models are needed in rural and urban places. Since land use has been rapidly changing, it is difficult to define the study area as city or country absolutely and the complex NPS pollution in these urban-rural mixed places are difficult to evaluate using an urban or rural model.
INTRODUCTION
Excessive loads of pollution into rivers, lakes, reservoirs and estuaries are now becoming a major concern to water resource managers across the world (Shrestha et to the NPS pollution a great deal. For example, the empirical quantitative approach, namely, the universal soil loss equation (USLE), is developed to predict large scale soil erosion and the designation of potential risk zones for agricultural plots (Pandey et al. ) . Thanks to its low data and parameter requirements, in contrast to physically-the rural NPS pollutant loads by providing average annual soil erosion (Fistikoglu & Harmancioglu ; Haregeweyn & Yohannes ) . Additionally, the other rural NPS evaluation model, the export coefficient model (ECM), is welldeveloped in determining NPS pollution (Do et al. ) with the simple model format for agricultural areas (Johnes & Heathwaite ) at the same time. In short, the model for rural NPS evaluation is fully developed and widely applied. Yet, as land use is changing from agricultural to urban, the natural soil surface is replaced with impermeable surfaces (Chris et al. ) which suffer from higher population density and more intensive human activities (Shon et al. ) . This will influence the generation and transportation process of NPS pollutants. Recently, due to the wide process of urbanization all over the world, the urban NPS pollution research has became more popular. it is difficult to classify an area into urban or rural absolutely due to the fact that the multiple or fuzzy characteristics of non-urban, partly-urban and urban states in the process of urban development are not solved (Liu & Phinn ) . Conventionally, the land use can be classified into '0' meaning non-urban or rural and '1' meaning urban. According to this classification, urban land which is surrounded by rural land and the land use at the boundary of rural-urban areas may be misclassified and then result in mistakes in the evaluation of the NPS pollutant loads. The fuzzy membership can express the ratio of the land cell belonging to urban or rural, which ranges from 0 to 1. The fuzzy expression may be suitable for use in the NPS evaluation and have been employed to assist in the calculation of water quality (Yang et al. ) . In this paper, the universal soil loss equation model (Wischmeier & Smith ) , the export coefficient model and the long-term hydrologic impact assessment model (Harbor ; Lim et al. ) , are employed to evaluate the spatial distribution and quality of rural and urban NPS pollutant loads respectively. In particular, the USLE model and the ECM are integrated to calculate the NPS pollutant loads with the hypothesis that the study area is rural, yet the L-THIA model is used to achieve the urban NPS pollutant loads. 
STUDY AREA
The study area (Figure 1 
Evaluating NPS pollutant loads in rural areas
In this section, the classic USLE model and the ECM are used to acquire the particulate and dissolved pollutant loads of N and P, respectively.
Particulate N and P loads based on USLE model
The USLE was proposed by Wischmeier & Smith (), and has since been widely used at a watershed scale. It is an empirical model allowing the average annual soil loss based on the product of five erosion risk indicators (Meusburger et al. ) . The empirical model to obtain particulate loads is represented in Equation (1):
where, W xp is the particulate pollutant load (kg/(hm 2 .a));
β is the dimensionless unit conversion constant; C N and From the USLE model, the amount of the soil loss can be obtained as Equation (2) shows, where K is the soil erodibility factor (t hm 2 h)/(hm 2 MJ mm), P is the support practice factor (non-dimensional), C is the cover management factor (non-dimensional), R is the rainfall erosivity factor ((MJ mm)/(hm 2 h a)) and LS is the slope steepness factor (non-dimensional).
The soil erodibility factor (K) is related to the integrated effects of rainfall, runoff and infiltration on soil loss and can reflect the process of soil loss during storm events on upland areas (Renard et al. ) . In our study, the soil type is gen- The cover management factor (C ) is a weighted index, which takes the effect of land use on soil erosion into account (Dumas et al. ) . It is measured as the ratio of soil loss to land cropped under continuously fallow conditions (Wischmeier & Smith ). By definition, C equals 1 under standard fallow conditions. As vegetative cover approaches 100%, the C factor value approaches the minimal value.
The C value of each cell is obtained by Equation (3) 
where lc is the vegetation coverage, non-dimensional. lc in Equation (3) can be obtained through the function of NDVI (see Equation (4)). An NDVI approaching a value of 1 means the associated area is fully covered by vegetation.
Using NDVI retrieved from RS data, C values for our site can be calculated ranging from 0 to 1, with the average value of 0.3316 (see Figure 3(a) ).
The rainfall factor (R) represents two characteristics of a storm that determine its erosivity: the amount of rainfall and the peak intensity sustained over an extended period. R is computed by using the function of monthly precipitation (Dumas et al. ) (see Equation (5)):
where R is in MJ mm/(hm 2 h a), and P i is the precipitation in the ith month which is obtained from the statistics yearbook.
The slope length and steepness factor (LS) represent the effect of topography on erosion, as an increase in slope length and steepness will produce higher overland flow velocities, thus, stronger erosion. LS is derived from Equation (Figure 3(b) ).
Dissolved N and P loads based on the export coefficient model
The ECM is a well-developed method that has been widely 
where W xd is the output quantity of the dissolved pollutant (kg/hm 2 a), E is the export coefficient of the pollutant (t/km 2 a) on different land usages, and α is the conversion factor with the value of 10. The value of E is identified according to the literature review of NPS studies on the Yangtze River and city of Chongqing (Liu et al. ; Cao et al. ) and characteristic of our site (see Table 2 ).
NPS pollutant loads in rural areas
Based on the USLE which integrated with the empirical model and the ECM, the particulate pollutant load, W xp , and the dissolved pollutant load, W xd , are achieved respectively.
Then, the NPS pollutant loads assuming the study area is rural, NPS rural_model , can be calculated by adding the particulate and dissolved NPS pollutant loads (see Equation (9)).
Evaluating NPS pollutant loads in urban areas Based on the L-THIA model, the NPS pollutant loads can be acquired through Equation (10): Table 3 . AR is the quantity of actual runoff, in mm which can be retrieved from the function of total annual precipitation, RP, and potential maximum precipitation, S (see Equation (11) and Equation (12)).
According to the precipitation data measured by the monitoring station and the approach of interpolation, the annual precipitation of each cell is obtained (see Figure 4) .
The maximum precipitation can be identified by the CN value which is obtained from literature review. In Yang's study (), the CN value of the Hanyang district, which is approximately 15 kilometers away from Donghu Lake, experiencing similar temperatures and rainfall as our site, were proposed. In addition, the CN value used in Yang's Table 4 .
Complex NPS loads in urban and rural mixed places
Due to the fact that generations and properties of NPS pollutants in rural and urban areas are totally different, it is essential to discriminate the rural and urban areas and use various models and parameters to evaluate the NPS in these two places. However, it is difficult to discriminate the rural and urban cells in a rapid developing area where the rural and urban places are mixed and coexisting. Conventionally, an administrative boundary is employed to distinguish the characteristic of the study area. In China, a city administratively contains a built up area, suburbs, and counties under city administration. Usually the built-up area is urban, and the suburbs are a mix of urban and rural. In fact, it is hard to distinguish, using an administra- Particularly, the factors stated above can be denoted as X ¼ {x 1 ; x 2 ; x 3 ; . . . ; x m } where m is the number of attribution, and the fuzzy mapping can be established:
f ∼ : X ! ϑðrÞ. In other words, by function f the attribute of a certain land use cell, x i , can be mapped to the membership of belonging to a certain cluster j, which can be written as r ij . The function f is determined by the suggestions of experts and the characteristic of the study area.
According to the membership of single attribution, the comprehensive evaluation can be conducted. The membership of belonging to a certain cluster j can be calculated according to the fuzzy operator of r ij (see Equation (13)).
In our study, the multiple product of all memberships of single attribution is employed (see Equation (14)).
Generally, a cell with a large density of built-up land, small distance to the city center and small distance to a road tends to be an urban cell. Inversely, the cell should be a rural cell. And then the bell-shaped function, the Gaussian curve function, and sigmf function, which is a function composed of the difference between two sigmoidal membership functions can be used as fuzzy function (see Equations (15)- (17) f bell ðx; a; b; cÞ ¼ 1
f sigmf ðx; a1; c1; a2; c2Þ
f gaussian ðx; a; b; cÞ ¼ a Á e
By suggestion of experts, the fuzzy functions are defined and Figure 5 represents the tendency line between membership and the value of factors.
The fuzzy functions of belonging to a rural place are defined as f rural ¼ 1-f urban . Then, the membership of belonging to an urban place is defined as Equation (18) shows.
Finally, the NPS in land use cell can be calculated as Equation (19) shows. Otherwise, the integrated NPS would be calculated according to binary weight as Equation (20) shows. calculated by the USLE model, the TN and the TP range from 0 to 30 km/hm 2 a and 1 to 10 km/hm 2 a, respectively, which do not correspond to the land use pattern but relate much more to the nature factors like slope, the ration of vegetation (which is measured by NDVI), soil type and so on. In
Figures 8(a) and 9(a), TP and TN highlights are both concentrated in the southern region, and the analysis reveals that these highlights usually corresponded with difficult terrain, such as a larger slope which tends to be associated with hard runoff and large soil erodibility, resulting in higher NPS loads. Since the USLE model combines rainfall, topography, management factors, soil types, cover management factors and other factors to simulate NPS pollutant loads, the distributions tend to be gentle and gradual.
Division of urban and rural areas
By the fuzzy membership functions and three factors, the land use cells can be classified into rural and urban at the same time. Figure 10 displays three factors in x, y and z axis, with the position of the point denoting the value of three factors and the color denoting the membership of belonging to an urban place. In plot A (see Figure 10) where the density of built-up is close to 1 (the maximum) and the distance to center is short, the cells undergo higher membership of belonging to an urban place. In plot B, the cells with medium value of three factors are hard to 
